This research study discusses the accuracy of 3dStudio Max Design software in simulating illuminance distribution on pendentive dome mosque design. The case study is the Federal Territory Mosque in Kuala Lumpur, Malaysia. The mosque has pendentive dome design similar to the design of the Ottoman mosques and Hagia Sophia in Istanbul, Turkey. The accuracy level is evaluated based on comparisons between the predicted software and the measured-on-site data on the illuminance distribution. Both field monitoring readings and computer simulations of the mosque interior (prayer hall) were collected and data logged during the winter solstice, the day when the sun was on a perimeter at its highest latitude at the Tropic of Capricorn (23° 26′ 16″ S) which occurred on 21st December 2013. The illuminance level was measured at five locations inside the mosque. Result of this study revealed similar readings between the measured on-field and predicted computer simulation data with small marginal value difference. This study suggests acceptable accuracy readings provided by 3dStudio Max Design software for lighting simulation.
Introduction
Reducing energy consumption on building design becomes increasingly an important issue and approach in sustainable built environment. Daylighting is recognized as a key strategy to achieve this goal by reducing the electric usage of air-conditioning inside the building in a tropical country, leading to energy saving (Alshaibani, 2001; Bodart & De Herde, 2002; Ihm et al., 2009; Vartiainen, 2001; . Besides, daylighting (indirect sunlight) is one of the main concerns by architects when designing a building in order to enhance visual quality of building interior spaces (Ahmet & Joarder, 2007) . The increasing number of studies have been conducted and emphasized on the importance of using daylighting in building design. Scholars have emphasized the importance of daylight design in indoor area (Hourani & Hammad, 2012) which improves the productivity of the occupants in work place (Joarder et al., 2009; Nicklas & Bailey, 1996; Heschong et al., 2002) .
Due to the importance of daylighting in building design, it is necessary to generate the daylight readings in computer simulation to predict lighting performance on illuminance level in the building interior. With growing number of available computer simulation programs in recent years, they have witnessed a growing number of design practitioners who are looking for accurate results in their lighting simulation software. There are numbers of studies which have examined the accuracy of these softwares in recent years. These studies have examined the reliability of computer programs such as RADIANCE (Kim & Chung, 2011; Ng et al., 2001; Galasiu & Atif, 2002; Reinhart & Walkenhorst, 2001 ) Superlite and Superlink (Galasiu & Atif, 2002) , and Energyplus (Shrestha & Maxwell, 2011) .
A common methodology on accurate measurement for the simulation program is by examining the level of differences between measured on-field data and computer simulation on illuminance level. This method is used in past studies determining accuracy level in Superlite, Superlink, and Radiance software (Galasiu & Atif, 2002; Li & Tsang, 2005) . Taking the previous studies as a reference, this study attempts to examine the accuracy of 3dStudio Max Design in daylighting simulation of interior building spaces. The popularity of 3dStudio Max Design software among the architects is its ability in construction of modelling and 3d visualization inside the building www.ccsenet.org/mas Modern Applied Science Vol. 8, No. 2; 2014 184 spaces. However many researchers might not be aware of the ability of this software in generating daylight simulation. In fact the program is able to create daylight analysis which could be helpful in understanding of proposed design projects by referring to illuminance level.
3dStudio Max Design provides comprehensive, integrated 3d modelling and rendering solution for video games developers, visual effect artists and graphic designers. It is a good solvent for architects, designers and civil engineers in getting in-depth understanding of how projects work before they were able to build the building (Ozler, 2008) . The program also can be supported with an EnergyPlus weather data file (*.EPW), which provides the software with 30 years information about the local weather in the area of study. EnergyPlus weather file contains annual data for typical climatic conditions at a site, including ambient temperature, relative humidity, wind speed and direction, as well as direct and diffuse irradiances (Reinhart, Landry, & Breton, 2009 ).
The program is also capable to calculate the daylight illuminance level and daylight factor in specific times in a year such as summer and winter solstices or any other particular time. Using the mental ray render engine to do the simulation and the flux method for calculation, it calculates light from all directions which comes through the openings and indirect light which include the reflected light from the walls, floor and ceiling. It also calculates the daylight factor based on the CIE (Commission Internationale de L'Eclairage) overcast sky and information from the weather data file (Reinhart et al., 2009 ).
Methodology

Case Study
As mentioned earlier, this study aims to examine computer simulation's accuracy level of 3dStudio Max Design software by examining the illuminance level of indoor spaces. The accuracy level will be tested based on a comparison of the results between 3dStudio Max Design's computer simulation and on-field data taken inside a prayer hall of the Federal Territory Mosque (Figure 1 (Hassan, Mazloomi, & Omer, 2013; Mustafa & Hassan, 2013) . The roof of the main prayer hall consists of a huge dome with a diameter around 28 m and height about 43 m from the ground of its prayer hall. The dome of the Federal Territory Mosque is centred with an addition of three half domes constructed at its west, south and north. While the east is the mosque's entrance which is designed with decorated arched main gate and four small domes. The mosque has 47,000 m 2 and can accommodate 17,000 people at the same time (Kuala Lumpur City GuideMalaysia, 2009). 
Computer Simulation
The lighting simulation data will be created using the computer software, 3dStudio Max Design 2013. The lighting source was taken as daylight, obtained from indirect and direct sunlight source, coming inside the building through the opening doors and windows. The other data is taken from on-field monitoring data inside the mosque using lux meter (daylight measuring tool) to measure the illuminance level in the prayer hall during the daytime from sunrise until sunset. Daylight simulation is a computer-based calculation of the lighting inside or outside the buildings (Marion Landry, 2009). The simulations are generated after the 3D model of the building was generated. Like on-field data measurements, these daylight simulations will be conducted every one hour from 6:00 am until 18:00 pm. To generate the results, this simulation involves the following steps , 2013 :
Step 1. Draw Geometric Three Dimension Building in AutoCAD.
Step 2. Import Three Dimension Building into 3ds Max Design.
Step 3. Assign the Render.
Step 4. Create Daylight System.
Step 5. Import a weather data file (*.EPW) from EnergyPlus Energy Simulation Software.
Step 6. Create a Light Meter and place is in the specific position that gives the measurements in 1m × 1m surface areas.
Step 7. Create a Camera and make a Simulation.
Step 8. The data of the illuminance level appears on the drawing.
Manual Measurement
Lux Meter used for the current study is Tecpel DLM-531 ( Figure 2) which is a precise, easy to use digital lux meter ideal for measuring light levels applied to safety regulations, work areas and security lighting as illustrated in Table 1 . Lux meter is a device for measuring brightness level, specifically measures the light intensity which appears to the human eye from the light source and reflection. Measuring this current allows the device to calculate the lux value which is the measurement unit of brightness. The main factor in this study is taking manual measurements of the amount of illuminance on 1m × 1m surface area which is known as the illuminance levels (Runsheng, Meir, & Etzion, 2009 ). The illuminance levels are classified in nine scales as shown in Table 2 . Field manual measurements will be conducted on 21st December 2013 from 6:00 am to 18:00 pm taken in one hour interval. On this day the sun path is on perimeter at the Tropic of Capricorn (23° 26′ 16″ S) latitude (TuTiempo, 2010) . This day is the shortest day for the region located at the north of the Equator. Both of the measurements and simulation will be conducted at the same locations ( Figure 2 ) in the mosque's prayer hall namely Point 1 (near the main entrance), Point 2 (centre), Point 3 (near mihrab), Point 4 (centre point of southern wall) and Point 5 (centre of northern wall). The lux meter will be placed at 450 mm high in the average body level of human chest while sitting on the floor inside the mosque. 
Results of Analysis
Both manual measurements and computer simulation were conducted on the 21st of December, 2013. The results were collected at hourly interval from 6:00 am to 6:00 pm, and at the selected five points of the prayer hall. Table  3 the records illuminance levels of the manual measurements whereas Table 4 shows the results of the computer simulations at the five selected points inside the prayer hall. The results for manual measurement and the computer simulations are as follows: 
Comparative Analysis
Figures 4 to 9 illustrate the outcomes of both methods of analyses. The results of computer simulations and manual measurements are discussed in this section. The following illustrations offer detailed analyses of the comparative results between manual and simulation measurements:
3.1.1 Point 1 Figure 4 shows a line chart of manual and simulation measurement which had similar results. Point 1 had the third best illumination results using either method after Point 2 and 3. Most results were at Scale 3, followed by Scale 2. The simulation results fluctuated in a range between 9.1 and 133.7 lux, whereas for the manual measurement the range of fluctuation was from 25 to 138 lux. The simulation results showed that the illuminance level started at 31.7 lux at 8:00 am, then rose gradually during the morning hours, reaching 71.5, 112.3, and 126.8 lux at 9:00, 10:00 and 11:00 am respectively, from Scale 2 to 3 in the afternoon. The curve then reached the peak of its brightness level at 12:00 pm with 133.7 lux. But after that, it started to decline progressively; from 1:00, 2:00 to 3:00pm, with Scale 3 at 130.5, 121.4 and 104.8 lux respectively, and from 4:00 and 5:00 pm to Scale 2 and 1 at 77.9 and 43.7 lux respectively. The minimum illuminance level was at 6:00 pm, with 9.1 lux (Scale 0).
The manual measurements revealed similar behaviour. It started at 25 lux at 8:00 am and then increased to 42, 65, 101, 117 and 138 lux at 9:00, 10:00, 11:00, 12:00 am and 1:00 pm, respectively. It reached its highest level at 2:00 pm, with 141 lux. After 2:00 pm, the illuminance level began to decrease steadily, from 124.5, 108 to 78 lux at 3:00, 4:00 and 5:00 pm respectively. The curve diminished to 55 lux at 6:00 pm. In both methods, the findings showed that the noon hours had brighter illuminance level than those in the morning and evening hours. The illuminance levels of computer simulations were classified under Scale 2 in the morning and evening hours at 8:00 am and 5:00 pm. At 9:00am and 5:00pm, they were categorized under Scale 1 and 2. At 6:00 pm the brightness level is under Scale 1. Finally, the noon hours from 11:00 am to 3:00 pm were classified under Scale 3. The results of manual measurements go under Scale 1 at 8:00 and 9:00 am, and Scale 2 at 9:00 and 10:00 am, besides at 5:00 and 6:00 pm. From 11:00 am to 4:00 pm, the brightness levels were under Scale 3. Figure 5 illustrates the line chart of Point 2 located at the centre of prayer hall. It shows that the illuminance levels had similar result either generated by computer simulation or taken by manual measurements. Measurements at Point 2 had the overall highest brightness level, compared to Point 1, 3, 4 and 5. This area received the most efficient daylighting, due to the sunlit factor from all directions of the upper windows around the side of the pendentive dome (Hassan & Bakhlah, 2013) . Most results are at Scale 4 from 10:00 am to 3:00 pm. The computer simulation had a line chart started with 74.6 lux under Scale 2 at 8:00 am, then had a gradual increase from 166.8 lux at 9:00 am under Scale 3, to 244.8, 299.8 and 336.4 lux under Scale 4 at 10:00, 11:00 and 12:00 am respectively, and finally reached the maximum illuminance level at 1:00 pm, with 338.6 lux (Scale 4). The measurement after that declined from 2:00 and 3:00 pm to 4:00 and 5:00 pm, from 320.6 and 272.4 lux under Scale 4 to 198.3 and 113.5 lux under Scale 3. The lowest illuminance level was at 6:00 pm, with 22 lux (Scale 1). Similar line chart pattern was for the manual measurements, starting at 8:00 am with 82 lux under Scale 2, with gradual increases in the next 2 hours (9:00 and 10:00 am) from 104 and 147 lux under Scale 3 before reaching Scale 4 from 11:00 am to 5:00 pm with 268, 271, 304, 322, 275, 228 and 214 lux respectively. It has the highest illuminance level at 2.00 pm with 322 lux. The graph line finally decreased to 114 lux (Scale 3) at 6:00 pm. Figure 6 illustrates a line chart of computer simulation and manual measurements at Point 3 located near the mihrab at which five times a day, the congregational prayers are normally held in this area. Most results of the illuminance levels taken at this location are under Scale 2 and 3. The simulation results showed that the illuminance levels are fluctuating from its lowest level at 15.9 lux (Scale 0) to its highest level at 239.3 lux (Scale 4). The line chart started at 8:00am with 60.3 lux (Scale 2), then it had a gradual increase during the morning hours from 9:00 am (120.7 lux) and 10:00 am (173.1 lux) under Scale 3 to 11:00 am and 12:00 am with 207.5 and 233.2 lux respectively under Scale 4, before reaching its maximum illuminance level at 1:00 pm with 239.3 lux; and then at 2:00 pm having a slight decrease to 229.6 lux under Scale 4. After that, the graph line had a gradual decrease from 3:00 pm and 4:00 pm to 5:00 pm with 195.9 and 144.5 lux under Scale 3, to 79.8 lux under Scale 2 respectively. At 6:00 pm, it reached its minimum level with 15.9 lux (Scale 1). The manual measurements had similar results, with just a slightly lower illuminance level in comparison to the simulation results, as follows: Scale 1 at 8:00 am, Scale 2 at 9:00 am, 10:00 am and 6:00 pm, and Scale 3 from 11:00 am to 5:00 pm. Vol. 8, No. 2; 2014 illumination was only 73.1 lux at 1:00 pm; after that it had a steady decline from 69, 60.6 and 44.5 lux (2:00 to 4:00 pm) to 26.6 lux (5:00 pm), finally reaching its lowest illumination of 5 lux at 6.00 pm. The manual measurement had a minimum illuminance level of 15 lux at 8:00 am, which increased gradually from 9:00 am with 23, 37, 61, 70 and 88 lux at 1:00 pm. It reached its highest illumination of 90 lux at 2:00 pm. After 2:00 pm, the illumination had gradual drops from 75, 60 and 53 to 30 lux at 6:00 pm. The results then showed gradual increase from the morning to afternoon hours, from 9:00 to 12:00 am (57.2 to 101.3 lux). Afterthat, the illuminance levels had a drop from the afternoon hour to 5:00pm, from 100 to 31.3 lux. The maximum illuminance level was at 12.00 am, with 101.3 lux, and its minimum illuminance level was at 6:00 pm, with 22 lux. Similar graph pattern was traced with the manual measurements. For instance, the illuminance level at 8:00 am was 15 lux. The measurement then had an increase for the next 5 hours, to 1:00 pm, from 26 to 92 lux. At 2:00 pm, it had it highest illumination with 106 lux, before having a steady decline from 90 lux at 3:00 pm to 37 lux at 6:00 pm. 
Discussion
After having a comparative analysis on the results of illuminance level between computer simulation and manual measurement, the results have proved accuracy of computer simulation generated by 3dStudio Max Design software. The use of weather database from an EnergyPlus weather data file (*.EPW), which provides the software with 30 years information about the local weather for the area of study is very reliable. The co-related research findings show that the Federal Territory Mosque has good illuminance levels at Point 1, 2 and 3 but it has less satisfactory illuminance level at Point 4 and 5. Figures 5 to 8 , Table 2 and 3 show that the mosque design provides good illuminance levels during the daytime between 9:00 am and 4:00 pm at Point 1, 2 and 3 which are categorized under Scales 3, 4 and 5 appropriate for brightness ranging from which do not demand a high visibility to normal illuminance level for reading activity . This study also finds that the average results of computer simulation and manual measurement are relatively similar to each other at Point 1, to 5. The computer simulation recorded an average of 87.6 lux from 8:00am to 6:00 pm at Point 1, 217.1 lux at Point 2, 154.5 lux at Point 3, 48.1 lux at Point 4 and 64.9 lux at Point 5 in comparison to 90.3, 211.7, 110.5, 55.5 and 64 .2 lux for Points 1, 2, 3, 4 and 5 respectively for manual measurements. The overall differences are ranging from 0.7 to 7.4 lux except at Point 3 with 44 lux. All the line charts shows that manual measurement had slightly lower values in the morning hours but it had slightly higher values in the evening hours compared to the values generated in computer simulation except at Point 3. It is the reason why Point 3 had the highest value differences in this analysis.
Conclusion
With the use of 3dStudio Max Design in generating the daylight level before construction helps the architects able to design the building and to avoid many problems in relation to daylighting design. There are presently various types of softwares for computing simulation in predicting how the building will perform before and after its construction, and 3dStudio Max Design is one of these softwares. This study, in conclusion, determines that the computer software 3dStudio Max Design is very reliable for obtaining data of the illuminance level of indoor areas through generating simulation of 3d building drawings when combined with local weather data file entries to create daylight information. These results besides provide adequate basis for the researchers to use this computer software for building design analysis. This software can also amplify imagination of developments for the lighting functions, as it can help architects to understand how to provide the efficient brightness levels for every indoor space, in order to suit to the purpose and function of the activities inside the building.
